The study of the effect of redistribution strategy and aggregation, on a multi-echelon supply chain network by managing demand volatility is discussed in this research. For this an operational supply chain design is considered. Multiechelon network consisting of manufacturing plants, distribution centers, warehouses, and retailers is used to develop the case study. Aggregation strategy was analyzed in the context of single product and multi-product for a multi-period production problem under demand uncertainty. Product sourcing between echelons and distribution strategies are considered for the study. Objective was to use the redistribution strategy to optimize the objective functions for the network. The objective functions include minimization of total cost, minimization of overage and stock-out conditions, and maximization of the customer service level. The total cost function includes product flow, transportation cost and distance cost. The mathematical formulation is carried out in Mixed Integer Linear Programming (MILP) with the help of Generic Algebraic Modeling System (GAMS). Problem formulation considers three type of demand based on volatility and uncertainty cases as high, medium, and low. The research is divided into three main phases to discuss an optimal multi-echelon supply chain network for single product using aggregation strategy. ISSN (Online): 2329-0188 Alsalem et al.
Introduction
Production and inventory management in supply chain management constitute a key scientific area of focus in operation research. There is a great need for efficient organization and utilization of resource/entities in the supply chain network as well as to ensure proper flow of products from manufacturing to retailers. This need has inspired research and development of analytical tools, mathematical models, and computational solutions. However, many aspects of inventory theory and the associated mathematical models need more research investigation. Concepts such as Vendor Managed Inventory (VMI), Industrial Internet of Things (IIoT), and Just-In-Time Distribution (JITD) among others, demonstrate the need for operating the SCN as a unified enterprise, and to design the supply chain network as an integrated network by utilizing the information to effectively analyze the SCN. The trade-offs between service level and resource cost, and describing optimal parameterization, and control of inventory system under different circumstance for effective Supply Chain Networks (SCN) has inspired recent developments in the supply chain research. There are several literatures that currently exist in Supply Chain Design (SCD). Beamon's (1999) study focused on the operations conducted between links of a supply chain with an aim of designing a robust supply chain structure. The aim of the research was to design a novel structure of a supply chain, which maximizes profit, or minimize cost under ideal production-distributions constraints. Mathematical models, found in SCD literature, are classified as either dynamic or static.
In supply chain design, a product might be manufactured at diverse production units, moving along the chain towards the end-user. The network with multi-echelon layout that is spread across diverse sites will ensure that the right product achieves the right customer in the end. For example, based on the organization's size, a clear methodology on detecting necessary distribution center and storages is required. Additionally, organization's customer regions also contribute to the decision-making in terms of network distribution. When the organization's network is set along all operational facilities, the decisions will be made to actualize the tasks aligned with the company's vision and mission -for example, if customer service should be set as the central priority, or risk/cost minimization is more prioritized, or delivery time is more important, and so on. Within supply chain management, a lot of different distribution approaches can be implemented, but their utilization depends on whether the chain is managed through make-to-stock or make-to-order manufacturing strategy.
This approach is applied in the mainstream manufacturing industry in terms of uncertainty of the customer demand, and the production level is prioritized beforehand (before realization of the demand and demand period), whereas there is not much research available. Overall, it is also vital to mention that the producer is likely to control and operate the entities in the network. This business concept contributes to the model building stage. In terms of defining the distribution approach of the network, distribution center and warehouse do not dispatch products to the retailer based on their demand. Retailer's demand refers to the number of products/items requested from the organization. A big portion of literature has investigated the distribution approach, where the quantity of products delivered to the retailer equaled to the retailer's demand. With reference to the literature on supply chain design, the idea of a producer controlling and running own retail units is not addressed properly. For example, Farahani and Elahipanah (2008) tested the application of just-in-time distribution (JITD) model in their supply chain design combined with a MILP model. Nonetheless, they failed to address the make-to-stock manufacturing strategy. Their distribution approach was to ship as much as the retailer had requested. The given model brings essential changes to the distribution concepts, adding to JITD approach, two vital aspects are presented. First, retailers have to guarantee information on quantity of inventory they actually have. Second, customer demand in last time period should be clarified. When a production center becomes aware of the existing on-hand inventory at the retailer, as well as about possible demand for the specific historically-recorded time period, the quantity of items delivered is a computed decision for the company. JITD usage is not always possible, since the retailers are sometimes reluctant to provide data of classified origins. In addition, the inventory quantity and historical information will give a limited scope for improvements. Thus, in the study, the significance is added to the value of concept of a producer managing the decision on the quantity of products transferred to the optimized and computed amounts. Hence, the objective functions of this study are aimed at reducing costs and improve service level in terms of using a MILP model.
By strategically distributing the amount of product in the network, it helps to reduce the stock out and overage at the retailers. On the strategic distribution, the aggregated amount of the products are located at the distribution center and warehouse while reducing the cost and increasing the service level. The aim of this research is to optimize cost and service level under stochastic and volatile conditions of demand. The model attempts to locate the product at different locations in the network with the best cost and service level "trade-off". The routes are based on the optimization and hence the routes are different for each time period. In section 2 literature review of, the mathematical models for cost reduction and improvement of service level is presented. Case studies with high, medium, and low volatility are used to explain the mathematical models is shown in section 3. Section 4 discusses the Conclusion and future work.
Literature Review
In 2001, Tsiakis et al. offered a mixed integer non-linear programming model (MINLP) for supply chain framework of multi-echelon network with uncertainty in demand. The model aimed at covering the entities' location, with addressing related transportation and inventory costs. Pan, F., & Nagi, R., (2013) consider a supply chain network design problem introduced in the agile manufacturing situation at different levels of management and different periods in the context of a great demand of a number of customers. They focus on the problem and generate a solution, considering all options to reduce the total operational costs using a Lagrangian heuristic. Zanjani et al. (2010) created a multi-period, multi-item stochastic project to cope with the production planning with demand uncertainty. In addition, Petridis (2013) presented a MILP model to identify the best network formation. The model's key configuration was added in terms of lead-time by utilizing likelihoods for such operations as overstocking and understocking, accordingly. Baghalian et al. (2013) insisted on the significance of making design for the supply chain network by emphasizing on the service level. Authors addressed the supply chain network representing three echelons based on manufacturers, distribution units, and retail shops. Within their project, Baghalian et al. (2013) paid attention to the random demand with the recognized function on distribution. Authors suggested the retailers request products prior to the start of each time period. Hence, they produced cut-set models (MINLP) with providing a sensitivity evaluation of models developed to identify the best location for entities that are relevant in the strategic perspective for the business. Sawik, T. (2015) , in this paper, a new decision-making problem is discussed. The combinatory stochastic problem represents a stochastic mixed integer program, which includes the organized measured averaging aggregation of the two contradictory objective functions. The incorporated choice of supply portfolio and planning of customer orders with a number of suppliers exposed to independent regional and local destructions are described. The stochastic mixed integer programs used for both equally effective optimization of expected customer service level and cost is discussed. Sabri and Beamon (2000) categorized supply chain into two domains: strategic and operational. Strategic domain is associated with the supply chain design, since tasks attributed to design (for instance, picking up a location for network facilities) are strategic by nature for any corporation. Operational decisions are those related to production, delivery, and so on. Sabri and Beamon (2000) succeeded in synchronizing both levels, using two sub-models within their solution technique. Authors focused on four echelons, such as suppliers, manufacturing centers, distribution units, and customer regions. Their models became stochastic because of the demand uncertainty as well as lead time. For this reason, authors relied on ε-constraint approach along with MILP objective function. These functions were able to reduce both fixed and variable costs. Shen et al. (2003) produced a cost-based site inventory project, with reference to the above-mentioned model. Over time, Shen and Daskin (2005) improved it by putting the customer service component in. Their model was targeted to estimate trade-offs relating to cost and service. The weighting technique was utilized along with the heuristic solution method grounded on the generic algorithm. Thus, a non-linear model was able to define the distribution unit location associated with demand nodes to streamline the administration of cost and service. By reviewing this model, it was possible to notice that the traditional location approach with excluded variable (inventory) expenditures rather provided a scope for higher fixed cost, with total cost being underrated. Thus, a business could invest more in fixed capital cost and resultantly have higher total cost. Because of this, the location models provide extensional distribution units than a business actually requires or might effective manage with the funds available. A rationale for adding customer service component to the efforts of Shen and Daskin (2005) is substantially important. Hence, IBM generated their supply chain model by emphasizing on customer service variable while applying the related competitive threshold (Ma & Wilson 2002) . Farhani and Elahipanah (2008) optimized the supply chain design by focusing on the service level specifically. Eventually, they utilized just-in-time distribution (JITD) in their supply chain network, using an algorithm to solve the MILP.
Problem Definition
The research aims at developing a comprehensive supply chain network with multi-echelon structure depending on number of manufacturing, distribution centers, and warehouse and retailer retailers for the purpose of meeting customer needs. The goal is to optimize the network's total cost, number of echelons and entities within a single echelon to design an optimal supply chain network (Short path) to achieve maximum service level. A mathematical MILP model is provided in the study. In addition to cost cutting and service level improvement, this research also investigates the effect of variability in demand on the service level and cost, which is as follows:
Mathematical Formulation

Sets and Indices
Set of entities (i=j); 'i' is the entity at current echelon 'k' and j represents entity at echelon 'k+1'. i= {1, 2..(K-1) & j= {2, 3,..,K)
Number of available products that can be supplied from 'i' to 'j' in time period t ϵ T,
Demand for product at entity j for time period t ϵ T, where j=K • T ij R Unit transportation cost of the product for unit distance to (i, j) ϵ N • E ij Distance between entities (i, j) ϵ N • I jt Inventory of product at entities j for time period t ϵ T,
Quantity of products stored at entity j in time period t, t ϵ T ⩝ k=2…K • G ij R 1 if entity i supply to entity j (i, j) ϵ N, 0 otherwise
Objective Function
(3)
The objective function Equation 1 minimizes the total cost, in which the first term determines the total shipping cost and the second term represents the inventory holding cost. The second objective function (Equation 2) minimizes the stock-out ( + ) and overage ( + ) cost. The third objective function (Equation 3) maximizes the service level by the ratio of existing inventory ( + ) to demand ( + ), which indicates the service level.
Subject to Constraints
The manufacturing capacity constraints are given by Equation 4. Equation 5 is used to ensure that the quantity of products stored is not greater than the storage capacity of the entity. Equation 6 ensures that the number of products shipped out of an entity is lesser than or equal to the number of products shipped to that entity. Equation 7 ensures that the number of products arriving at any entity is less than or equal to the storage capacity minus the overage at the entity for any time-period. Equation 8 is used to ensure that the inventory from (t-1) and the quantity of products shipped is lesser than or equal to the number of products shipped out of an entity and the stock out from (t-1) in the end of each time period. Equation 9 ensures non-negativity for the number of units of product shipped in each time-period, overage and inventory. Equation 10 is a binary constraint that indicates whether products are shipped from entity i in echelon k to entity j in echelon (k+1).
Case Studies
The model is explained using case studies. These case studies are for single product, four time-periods, and a four echelon system (Figure 1 ). This case study provides further explanation and understanding to the mathematical model. In this case study the system assumes a make-to-stock approach. In this research, the stock-out (M jkt ) is computed as a back-order since all back-orders are assumed to be filled in subsequent time-periods. Demand (D jt ) at the retailers is stochastic. In this study, the supply chain design covers the quantity of products shipped from one echelon to another. GAMS (BARON) solver is used to solve the problem. The objective function reduces cost and enhances service level, while considering demand volatility. Demand varies from retailer to retailer as well as from one time period to the next. The three case studies are used to demonstrate the impact of volatility on service level and cost.
Case Study 1 (High Volatility)
This case study consists of one manufacturing plant, two distribution centers, three warehouses and four retailers as mentioned before (Figure 3.1) . Volatility in the demand can be defined as ratio of the mean demand to the standard deviation of the demand for each retailer. Based on the Empirical Rule for the normal distribution, about 68% of the data lie within ±1 standard deviation of the mean, 95% of the data lie within ±2 standard deviation of the mean, and 99.7% of the data lie within ±3 standard deviation of the mean. In this research ±1 standard deviation of the mean retailer demand (3000) represent low volatility whereas ±2 and ±3 standard deviation of the mean retailer demand (3000) represent medium and high volatility respectively. Table 1 gives the holding cost and storage capacity at each retailer. Table 2 provides the transportation cost per unit between entities. Table 3 represent the distance between entities. Table 4 provides the customer demand. The mean of the demand and the standard deviation for the demand are calculated. The volatility for all retailers are above 99.7%. -21  11  20000  22  15  20000  31  20  10000  32  18  10000  33  20  10000  41  42  3000  42  44  3000  43  46  3000  44  48  3000  45  50  3000  46  51  3000  47  53  3000  48 54 3000 Echelons  1  2  3  4  Entities location  11  21  22  31  32  33  41  42  43  44 45 46 47 
Figure 1. Supply Chain Network
Simulation Analysis
Using the data for the case study, optimization provides the optimal amount of products shipped from one echelon to the next for each time-period. Table 5 show the quantity of products shipped from warehouse to retailers for each time-period. Table 6 show the quantity of products shipped from distribution center to warehouses for each time-period. Table 7 show the quantity of products shipped from manufacturing to distribution center for each time-period. Table 8 and 9 show the optimized quantity of products stored at distribution center and warehouse for each timeperiod. In addition, the solver determined the best location to aggregate the products with the minimum volatility and cost in order to obtain high service level. Table 10 and Table 11 show the stock out and the overage respectively. Table 12 shows the values obtained for the three objective functions: total cost (Z1), cost of the overage and stock-out (Z2) and the service level (Z3) for the first scenario high volatility. 
Case Study 2 (Medium Volatility)
The network design in this case and input data is the same as the previous case study. However, the customer demand volatility is medium based on the categorization. Tables 14, 15 and 16 shows the amount of products transported from warehouse to retailer, distribution center to warehouse and manufacture to distribution center, respectively. Table 14. Amount of products transported from warehouse to retailer   Time Period 1  Time Period 2  Time Period 3  Time Period 4  31  41  3000  3018  2986  3029  42  3000  2929  2950  3077  43  3000  3005  3086  2960  32  43  0  0  0  0  44  3000  3021  3067  3037  45  3000  3035  3021  3077  46  3000  3049  2981  3043  33  46  0  0  0  0  47  3000  3004  3030  3039  48 3000 3045 3021 2940 Table 17 and 18 shows the optimized amount of products stored at distribution center and warehouse for each time period. The solver found the best location to store the aggregate quantity of products with the minimum volatility and cost in the distribution center and warehouse, on the other hand reach high service level. Table 19 and Table 20 shows the stock out and overage respectively. The case study was studied to verify the model which is solved by using GAMS (BARON Solver). Table 21 shows the optimal objectives (total cost Z1, the overage and stock-out Z2, and the customer service level Z3) for the second case with medium demand volatility. 
Case Study 3 (Low Volatility)
The third case study shows low volatility in the customer demand. The data for the demand is shown in Table 22 . Tables 23, 24 and 25 shows the amount of products transported from warehouse to retailer, distribution center to warehouse and manufacture to distribution center, respectively. The case study model is solved using GAMS (BARON Solver). Table 26 and 27 shown the optimized amount of products stored at distribution center and warehouse for each period. It also shows that the solver chose the best location to aggregate the products which is the second and third echelons (distribution center and warehouse) with the minimum volatility and cost, and to achieve high service level at retailer echelon. Table 28 and Table 29 shows the stock out and the overage respectively. The case study was studied to verify the model which is solved by using GAMS (BARON Solver). Table 30 shows the optimal objectives (total cost Z1, the overage and stock-out Z2, and the customer service level Z3) for the second case with low volatility. 
Discussion and Analysis
The routes in our network are different for each time period in each case study. The following analysis shows the relationship between the total cost Z1 and type of demand volatility to improve the objective function value as shown in Figure  2 . The optimal total cost for each type of uncertainty and volatilely demand function improved. On the other hand, Figure 3 shows the relationship between the demand fluctuation and service level, the optimal value of the service level for each type of uncertainty and volatilely demand function improved. Tables 31 and 32 compare the products sorted at each distribution center and warehouse for each time period resulting from the aggregation. Moreover, showing the strategic distribution that are follow in this research which is locating the aggregated amount of products at warehouses to help the firm to reduce the cost and increasing the service levels. The other benefit of this strategy the stock-out and the overage at the customer zone been reducing as well as per of our third objective function. 
Conclusion
This paper provides a network to work on modern supply chain principle such as reaching the consumer directly in short DTC. As well in our network the routes are different for every time period in each case study. The case study with different demand uncertainty were examined in this research to achieve and develop the best design for multi-echelon supply chain network system. The proposed design optimizes total cost and service level when the demand is volatile and the concept of trade-offs of total cost and aggregation is been used. This research is comprises of three objective functions. The first objective aims to minimize the total cost of the products that strategically distributed in the network. The second objective aims to maximize the service level at the costumer's zone which is the last echelons in our network. The third objective aims to minimize the stock-out and overage at the last echelon. The mathematical formulation introduced in this research is Mixed Integer Programming (MILP) with the help of Generic Algebraic Modeling System (GAMS) BARON solver. This model can notify the decision maker with comprehensive view about the plan of increasing the service level with the minimum cost.
